Based on micro-blog big data, this article will conduct an analysis on the follow-up data of every prefecture-level city's micro-blog data and these cities all lie along the Beijing-Guangzhou High-Speed Railway. Then we found that the asymmetry lied in the connection between these cities and there was a provincial-level barrier among them. By comparing the situation before and after the operation of high-speed railway, we realize that this kind of provincial-level barrier still exists. Meanwhile, as the Beijing-Guangzhou High-Speed railway is put into operation and the connection among the cities along the railway has been strengthened, the connection presents the tendency of decentralization.
Introduction
Urban linkages are one of the important factors influencing the development of a city and urban agglomeration. The state of urban contact is determined by various factors, and traffic is an active factor. China opened the Beijing-Tianjin intercity high-speed rail in 2008, and the high-speed rail significantly enhanced the linkage between the two cities. Since then, the high-speed railway has become a new factor affecting the city's development. From 2008 to 2014, the number of high-speed rail passengers increased from 128 million to 820 million.
In 2014, the average daily volume of railway passengers was 6.077 million; the average daily volume of high-speed rail was 2.253 million, accounting for about 37%. In recent years, with the rapid development of high-speed railway in China, the main framework of "four vertical and four horizontal" national high-speed rail network is basically formed. Supplemented by extension lines and network lines, high-speed railways basically cover cities which have more than 500,000 people. This marks the arrival of the high-speed rail era. High-speed railway on China's economic and social development has brought a profound While the use of social network data is expected to make a breakthrough in this regard. The analysis of the unidirectional, bi-directional and overall relationship between the characteristics of the relationship between cities or regions to reveal the real linkages, dependencies and impact is very helpful.
Literature Review
Urban linkages refer to the flow of funds, resources, information, human capital and other factors between cities. The urban network has directional characteristic. The impact of research on urban linkages needs to address two key issues.
The first one is the data source; the second one is the calculation method. The academic community has done positive exploration to solve these two issues.
In terms of data, although the flow of goods, goods and services between cities is always taking place which is a direct view of the city's contact, but unfortunately these data are in the hands of different departments, and for various reasons, these data are not announced. In order to break through the limitations of these data which cannot be obtained, the academic community uses the estimated approach. Lifang Xiong et al. constructs a city network system to study the trend of urban contact and urban network evolution through the Baidu index data of city users' attention [1] . Zheng Liu et al. also studied the urban network characteristics of 36 sub-provincial cities through Baidu Index [2] . Feng Zhen et al. analyzed the relationship between cities by analyzing the relationship between friends and the relationship of micro-blog data from the perspective of network society [3] .
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In terms of methods, Bingrong Leng et al. found that urban networks exhibit high clustering coefficients and short path "small world" network characteristics [4] . Pengfei Ni et al. built an interlocking network model with the distribution characteristics of the office network of the productive service enterprises to measure the degree of contact between Chinese cities [5] . Yongling Yao et al.
analyzed the concrete manifestations of the differences between cities on the basis of Taylor, and analyzed the different levels of dynamic factors influencing the inter-city contact level [6] . Zhengbing Liu et al. analyzed regional spatial linkages and urban network structures through intercity rail and highway passenger trips [7] . Zhongchen Yang et al. used passenger data to analyze the city's foreign traffic convenience and contact pattern [8] .
With the development of the Internet and the availability of network data, some scholars began to study social and economic activities through network data. Dunbar et al. found that the online social network structure can reflect the social network structure in the real world, and they have very similar characteristics [9] . There are many literatures on social network data analysis at home and abroad, such as Twitter and social economy characteristics [10] , geographic support and major disaster management [11] , geography research based on micro-blog network information [3] . Michael et al. used the Twitter data to analyze the US people's health food and unhealthy food preferences of the regional distribution characteristics [12] .
Overall, the study of economic linkages between cities mostly uses the gravitational model which is based on the construction of accessibility. However the gravitational model to measure the degree of economic linkage between cities has its own limitations. The first one is the degree of connection is a potential possibility; and the second one is the gravitational model can't reflect the direction of contact, and one-way association can reveal a deeper link age network between cities. Scholars are eager to solve these two problems in applied research. What's more, most of the existing urban network analysis is a static analysis of network linkages.
The Micro-blog data that reflects the direct contact between cities can be a good solution to solve these two problems. This paper uses Micro-blog data to solve the direction of city's linkage, active and passive issue which is city i is more concerned about city j, or City j is more concerned about city i, and this can further analyze which ones are "core" in the pattern of mutual attention and which ones are "marginal" in the pattern of mutual attention. The innovation of the research is that we use inter-city Micro-blog data to simulate inter-city linkages and the degree of attention, which can't be solved by using the traditional method. It's rare to use Micro-blog data to analyze the change of city's contact and attention which is caused by the opening of high-speed rail, so we try to do this analysis.
Research Methods

Data Sources and Processing
Micro-blog as a domestic social networking platform has been widely popular since 2010, which allows users to focus reviews and change information on platform. The linkage of point and edge which represents micro-blog users and the number of evaluation and forwards microblog has formed a social network.
Based on the huge micro-blog data, we can do a lot of research, such as "small world network" analysis can be studied through the linkage node and chain node, power rate distribution can be studied through the node's entry degree and exit degree, micro-blog user characteristics can be studied through microblog contents and forwards. This paper constructs a social network system by using city's micro-blog two-way frequency which are the prefecture-level city along the high-speed rail, and then study its internal structure and characteristic changes after the opening of high-speed rail.
We can get the dynamic time and space model of city's contact through capturing and analyzing the different periods of micro-blog data. Micro-blog as a dynamic social network platform provides a search page; we can retrieve the number of micro-blog which meets conditions through searching messages such as time range, city's location and keywords, so we prepared a web crawler to simulate the page search process. In addition, Micro-blog provides a search page.
The search page not only shows the first 50 pages of the Microblog, but also displays the number of microblogs which meet the conditions in the bottom of the page. According to the time range, the city and keywords, we can get the number of eligible Micro-blog. Through the micro-blog application program interface (API) and the preparation of the reptile program, we obtained a large amount of data from the micro-blog users of the 24 prefecture-level cities along the BeijingGuangzhou high-speed railway, and the data is from January 2010 to November 2014.Through data extraction, we get the number of micro-blog which is about city i refers to city j.
Urban Contact Measurement Method
We use social media data to analyze the linkage between cities along the BeijingGuangzhou high-speed rail, the linkage is about the number of micro-blog which is about city i refers to city j, The association between such cities is bi-directional asymmetry. The greater the number of microblogs mentioned by a city to another city, the closer the city is to that city. Firstly, through averaging the monthly data for one year as the annual average data to reduce volatility and improve the robustness of the data; secondly, the temporal and spatial volatility of intercity linkage is observed by analyzing the continuity of the monthly data.
This paper uses the analysis of these data to observe the characteristics of the linkage about cities along the Beijing-Guangzhou high-speed railway, and weather the linkage between the cities along the Beijing-Guangzhou high-speed railway has undergone significant changes after the opening of high-speed rail.
Then we try to find weather the high-speed rail have had an impact on link ages between the city along the high-speed rail, and what kind of impact. Through the preliminary analysis of the micro-blog data, we find that the linkages between the prefecture-level cities along the Beijing-Guangzhou high-speed rail show a typical network structure, and this relationship mainly exist between the provincial cities, non-provincial cities to other province's provincial capital cities, and cities in the same province.
According to the system of prefecture-level cities along high-speed railway, we respectively calculate the two-way association between cities, bidirectional correlation, center degree, inter-city correlation coefficient, network connection degree and urban impact index. This paper uses the following algorithm to measure the characteristics of the prefecture-level city network system along the high-speed rail. That is, using the entry degree, exit degree, the center degree which describes the two-way association between cities to observe the overall situation of a city's external relations; then using standardized data to observe the distribution of a city's attention on other cities' along the high-speed rail.
The software used in the empirical analysis is MATLAB R2013a.
The Two-Way Association between Cities
In the micro-blog data, P ij is the number of micro-blog which is about city i referring to city j, that is city i's attention on city j, P ji is the number of micro-blog which is about city j referring to city i, that is city j's attention on city i. P ij represents the directional connection between city i and city j and the values of them are different; each city as a node, the directional connection between cities as a weighted side, so that it constitutes a social network. In the social network, entry degree and exit degree are important indicators to measure node characteristics.
We define A as entry degree, which is about other cities' attention on city i, and the formula is as follows:
Similarly, we define B as exit degree, which is about city i's attention on other cities, and the formula is as follows:
Center Degree
The center degree reflects the status of a single city in the whole city network, the right of ownership, and the position of the occupied position. We define L as the center degree, and we use the harmonic average to calculate entry degree and exit degree to evaluate the center degree of one city. The formula is as follows: ( )
Inter-City Correlation Coefficient
The correlation coefficient between cities is measured from the whole, and the degree of attention is different. The correlation coefficient between cities shows the degree of the association between the cities.
We use the following algorithm to express the directional strength between the two:
Since the city i and the city j are bidirectional, we use the following algorithm to express the difference between the two interrelated correlation coefficient:
Network Connectivity
Let Max (C ij ) = 100, use the maximum standardization:
ij D′ is the maximum value of the interconnected degree between city i and j.
E i is the network connectivity of city i.
Urban Impact Index
The city impact index indicates the ability of a city to influence other cities, defined as:
F i represents the influence of the city i, representing the degree of dependence of other cities on city i.
Result Analysis
In the analysis of the results, firstly we observe whether the inter-city linkage has changed after the opening of the high-speed railway; secondly we analyze the performance of the change at the spatial level, thirdly we analyze the change in the time series. We use the analysis of these three aspects to find the characteristics of urban linkages. We distinguish five phenomena as follows: (1) a city not only attentions about other cities but also is concerned by other cities; (2) the overall change in the degree of attention among all the cities; (3) the degree of attention between cities after the opening of high-speed railway; (4) whether the degree of attention between cities is related to the level of the city; (5) whether the degree of attention is related to the spatial distance between each other.
Analysis of the Differences in the Two-Way Relationship between Regions
Through the analysis of Table 1 , we found that along the Beijing-Guangzhou high-speed rail, Beijing's exit degree increased significantly, Zhengzhou's exit degree increased slightly; Guangzhou, Wuhan, Changsha, Shijiazhuang's exit degree significantly decreased; other cities did not change significantly. Beijing, Shenzhen, Shaoguan's entry degree declined, Guangzhou, Zhengzhou, Wuhan, Shijiazhuang, Changsha's entry degree increased significantly, the extent of other urban changes are not obvious.
Through the analysis of 2014 entry degree and exit degree, we found that along the Beijing-Guangzhou high-speed rail, Beijing's exit degree is far greater than entry degree, Guangzhou, Wuhan, Shenzhen, Changsha's entry degree is significantly greater than exit degree, the other cities do not have obvious difference between their entry degree and exit degree. This shows that the provincial capital and first-tier cities have larger difference between entry degree and exit degree. The provincial capital and first-tier cities' entry degree is significantly greater than exit degree, mainly due to the provincial capital and first-tier cities are the core in political, economic and population.
Center Degree Analysis
The center degree which refers to the core degree of a node at the network system in Table 1 reflects the degree of the node city's attention on other cities and the ability to be cared by other cities. Through the analysis of Chartone, we find that the center degree of Guangzhou, Wuhan, Shenzhen, Changsha and Shaoguan has decreased significantly in the cities along the Beijing-Guangzhou highspeed railway, and the rest cities' center degree has increased. This indicates that with the opening of high-speed railway, non-provincial prefecture-level cities' core status has increased in the system of the cities along the Beijing-Guangzhou high-speed railway, and high-speed railway has strengthened the interaction of information and resources flow with other cities. Although the center degree of most capital cities and other major cities has declined, the core status of the capital cities and first-tier cities is still solid in the whole network system, which is because the capital cities and first-tier cities occupy a relatively large number of resources, and have better health education and cultural facilities and the environment.
The total center degree refers to the central degree of the whole network system, and reflects the overall concentration of the whole network system. The centralization trend of the whole system can be found through the time variation of the total center system. The total city center degree of the prefecture-level cities along the Beijing-Guangzhou high-speed rail has reduced from 0.941 to 0.819 since 2010 to 2014. From the analysis of the total center degree's change, the whole network system has presented the characteristics of decentralization.
This shows that the opening of high-speed rail enhances the linkages of cities along the high-speed rail, and enhances the flow of resources. The entire network system presents decentralization characteristics.
Interregional Correlation Coefficient Analysis
From the comparison of Figure 1 and Figure 
Network Connectivity Analysis
We analyze the city's network connectivity through the analysis of attention de- gree about the flow of standardized data 2. According to the comparative analysis in Table 2 , we find that there are obvious differences in the degree of the 
Urban Impact Index Analysis
The urban impact index reflects the size of the city's overall impact on other cities. According to the Urban impact index of Table 2 , it can be found that the distribution of urban impact index between cities shows a significant stratification phenomenon, the first level is Beijing, the urban impact index is above 9; the second grade is Zhengzhou, Wuhan, Changsha, Guangzhou and Shenzhen, the degree of their urban impact index is between 1 and 4; the third level is other cities, the degree of urban impact index is between 0 and 1. Based on the com- parative analysis of the influence of Beijing-Guangzhou high-speed rail along the 2010 and 2014, we find that the urban impact index has increased in spite of Zhengzhou, Wuhan, Changsha and Guangzhou, and the increase is the most obvious in Beijing.
Space-Time Analysis
Beijing, Guangzhou, Shenzhen is the national first-tier cities, Zhengzhou is the Central Plains economic group, Wuhan is the middle reaches of the Yangtze River economic group of the core cities, so we choose this five representative cities to study city's network connectivity and urban impact index. BeijingGuangzhou high-speed railway was opened in December 2012.According to the Figure 5 . Network connectivity.
comparative analysis in Figure 5 , we find that Beijing's network connectivity had increased significantly after the opening of Beijing-Guangzhou high-speed railway and expanded the gap with Guangzhou and Shenzhen. Guangzhou, Shenzhen's increase is not obvious, but its fluctuation characteristics are obvious. Zhengzhou, Wuhan's network connectivity rises slightly in spite of some month. Network connectivity is affected by unexpected events, and the network connectivity between different months fluctuates greatly. Through the comparative analysis of the urban impact index in Figure 6 , we find that the urban impact index of Beijing is much higher than that of Guangzhou, Shenzhen, Zhengzhou and Wuhan, and the influence degree of Beijing is increased obviously after the opening of high-speed railway. The impact of Guangzhou, Shenzhen, Zhengzhou, Wuhan has not significantly layer, but the impact of Guangzhou has always been slightly higher than the other three cities.
On the whole, with the opening of the Beijing-Guangzhou high-speed railway, Beijing as the country's political, economic and cultural center, its status has been enhanced, and gradually expanded the gap with other cities. Although Guangzhou, Shenzhen's current network connectivity and urban impact index are higher than Zhengzhou, Wuhan, but this gap has a narrowed trend. Figure 7 shows Beijing's attention degree on Guangzhou, Shenzhen, Zhengzhou, Wuhan and Guangzhou, Shenzhen, Zhengzhou, Wuhan's attention degree on Beijing. The data is from January 2010 to November 2014 which has 59 consecutive months. Figure 7 is a good description of the difference between the inter-city linkages. We found that Guangzhou, Shenzhen, Zhengzhou, Wuhan's attention degree on Beijing is clearly stronger than Beijing's attention degree on Guangzhou, Wuhan, Shenzhen, Zhengzhou. Beijing as the center of national political, economic and cultural, it is inevitable to have such result. Beijing's attention degree on other cities and other cities' attention degree on Beijing have a rising trend, and other cities attention on Beijing's fluctuates strongly. At the same time, Beijing's attention on Guangzhou, Shenzhen, Zhengzhou and Wuhan is stratified, while Guangzhou, Shenzhen, Zhengzhou and Wuhan's attention on Beijing have no signs of stratification. 
Conclusions and Discussion
Micro-blog data has the characteristics of time and space, and can measure the network connection characteristics between cities according to different spatial scales and time intervals, so we can measure and forecast the relationship between cities or regions in multi-scale.
The innovation of the article is that we analyze the high-speed railway's effect on the cities' linkage along the Beijing-Guangzhou High-Speed railway by using micro-blog data. We mainly solve two problems in the analysis of urban linkage which exist in the literature of other scholars, the first one is that the degree of city's connection is a potential possibility; and the second one is that the conventional Gravitational Model can't reflect the direction of contact. Besides, we make further efforts to do dynamic analysis of urban network linkages. This paper uses micro-blog data to solve the direction of city's linkage, active and passive issue which is city i is more concerned about city j, or city j is more con-cerned about city i, and this can further analyze which one is "core" in the pattern of mutual attention and which one is "marginal" in the pattern of mutual attention. The next innovation of the research is that we use inter-city micro-blog data to simulate inter-city linkages and the degree of attention, which can't be solved by using the traditional method. It's rare to use micro-blog data to analyze the change of city's contact and attention which is caused by the opening of high-speed rail.
The main contribution of this research: In this paper, a new method based on the location data and the information of the place names in the social media is used to evaluate the relationship between cities. In view of the problem that the relationship between cities is not symmetrical, this method can provide the ability to evaluate the relationship between two cities, and provide a new method to measure the influence and similarity of cities. The problem that the relationship between cities is not symmetrical has been realized in the study of economic geography, regional economy and spatial economy, but they suffer from the problem that there is no suitable method to solve it. Therefore, it is very helpful for us to reveal the relationship between the cities. The analysis of a particular event can also be done using these methods, such as the fire explosion in Tianjin.
Because social media data has temporal and spatial characteristics of natura, urban linkages can be measured separately according to the size and characteristics of the city between the different time intervals, thus provide a measure and forecast a multi-scale regional relationship means. Finally, due to the temporal attributes of social media, it can provide the evaluation ability of different time scales, and provide the ability of time based retrieval.
Through the static analysis, we find the asymmetry of the inter-city linkages and through the analysis of the data, the degree of the relationship between the cities is measured. At the same time, the degree of the urban network system along the high-speed railway is analyzed: center degree and influence degree, and reveals the spatial structure of urban network system along high speed railway. Through the dynamic comparison and analysis, the influence of high-speed railway opening on the urban network is studied. Through the analysis of time series, this paper studies the changing characteristics of Beijing's connection to Guangzhou, Shenzhen, Zhengzhou, Wuhan and Guangzhou, Shenzhen, Zhengzhou, Wuhan's connection to Beijing.
Based on the analysis of the micro-blog data of cities along the BeijingGuangzhou high-speed railway, the results show that the inter-city linkages exist mainly between the provincial capitals, the inter-city cities and the provincial capital cities. And this kind of connection shows obvious asymmetry. Beijing, Guangzhou and other big cities and capital cities have the advantages of economy, education and population; these cities are paid much more attention than other cities, and their degree of influence is far greater than other cities. In addition, it is found that there are provincial barriers in the inter-city linkages, and the inter-linkages between non-provincial cities are confined to their own provinces. The neighboring non-provincial provinces are weakly linked. By the anal-ysis of the high-speed rail's influences, we find that the barrier dose not disappear due to the opening of the high-speed rail. At the same time, the opening of the Beijing-Guangzhou high-speed railways has strengthened the flow of resources and elements; the linkage between the cities along the high-speed rail has showed a center-oriented feature.
